Cadmium-induced germline apoptosis in Caenorhabditis elegans: the roles of HUS1, p53, and MAPK signaling pathways.
The transition metal cadmium (Cd) has been shown to induce apoptosis in a variety of cell lines and tissues. Caspase activation of the tumor suppressor gene p53 and mitogen-activated protein kinase (MAPK) signaling cascades have been reported to be involved in Cd-induced apoptosis. However, the underlying pathways of Cd-induced apoptosis have not been clearly elucidated in the in vivo systems, primarily for the lack of appropriate animal models. The nematode Caenorhabditis elegans has been shown to be a good model to study basic biological processes, including apoptosis. In this study, we used the mutated alleles of C. elegans homologs of known mammalian genes that are involved in regulation of apoptosis. Sublethal doses of Cd exposure increased C. elegans germline apoptosis in a dose- and time-dependent manner. The loss-of-function mutations of DNA damage response (DDR) genes HUS1 and p53 exhibited significant increase in germline apoptosis under Cd exposure, and the depletion of p53 antagonist ABL1 significantly enhanced apoptosis. Cd-induced apoptosis was blocked in the loss-of-function alleles of both c-Jun N-terminal kinase (JNK) and p38 MAPK cascades, which behaved normally under gamma-irradiation. Our findings implicate that both JNK and p38 MAPK cascades participate in Cd-induced apoptosis. Together, the results of this study suggest the nonessential roles of the DDR genes hus1 and p53 in Cd-induced germline apoptosis and that the apoptosis occurs through the ASK1/2-MKK7-JNK and ASK1/2-MKK3/6-p38 signaling pathways in a caspase-dependent manner. Finally, our study demonstrates that C. elegans is a mammalian in vivo substitute model to study the mechanisms of Cd-induced apoptosis.